Using absorption measurements the reassociation kinetics of three satellite DNA components isolated from calf thymus was studied under various conditions. A different method using CsCl density gradient determinations particularly suited for kinetic analysis of mixtures was also used and shown to give similar results. Reassociation rate constants were corrected for mismatching during strand reassociation using data obtained by kinetic analysis of fractions of the 1.71^ g/cm^ satellite component. The values of corrected as well as uncorrected complexities were calculated and compared with results of other methods. They were shown to be compatible with the concept of sequence repetition at various levels.
INTRODUCTION
In a previous paper we described the isolation of densityhomogeneous satellite components of calf thymus DNA by chror.iatography on methylated albumin -kieselguhr columns combined with partial denaturation. We have shown that substantial parts of the satellite components are represented by highly repetitive DNA of considerable sequence homogeneity. The repetitive character of the nucleotide sequence of DNA is revealed by studying 2 the reassociation kinetics . There have already been published various kinetic studies on unfractionated DNA isolated from 3 b
calf thymus , on a mixture of heavy satellites , on a single isolated satellite component and also on nonsatellite repetitive DNA ' . However, there is so far no systematic kinetic study dealing with the individual satellite components of calf thymus DNA under various annealing conditions. Kinetic measurements on three calf thymus satellite DNA s of densities 1.707 g/ cm , \.*J\h g/cm and 1.721 g/cm are reported in this paper.
MATERIALS AND METHODS
Isolation of calf thymus DNA, isolation of satellite DNA components and thermal chromatography of 1.71^ g/cm satellite DNA were described in detail in the preceding paper .
Kinetics of reassociation
The kinetics of reassociation were followed spectrophotometrically in a Hilger Uvispek spectrophotometer at 260 run using 4 1 cm cells unless stated otherwise . The reassociation rate con-8 stants were calculated according to Thrower and Peacocke . In cases when the experimental plot deviated from linearity the initial rate was computed. When calculating the rate constants the heterogeneity of the samples was taken into account. The value of concentration used was that of the components reassod a t i n g at a measurable rate under given conditions .
In some cases the reassociation kinetics were followed by CsCl density gradient centrifugation. DNA was diluted to a concentration of 3-5yig/ml, equilibrated with 0.25 SSC (standard saline citrate, 0,15 M NaCl + 0.015 M trisodium citrate) and annealed at 70°C to ol.tain samples of different degree of reassociation. The samples were then subjected to centrifufation in a CsCl density gradient. The rate constants were computed from the-value of C t , which was read from the plot of the degree of reassociation vs. log C t (ref. 2 ) . The degree of reassociation wa.s ciefined as (y "Kt^^P ~ /*» ^ w h e r c P o i s t h e density of denatured DNA component, p is the density of this component at annealing time t, and p is the limiting density after long time of annealing.
Melting curves
The melting curves were measured in the Hilger Uvispek spc-ct rophotometer at 260 run using 1 cm cells. The curves were determined either between 25 and 100°C, or between the annealing temperature and 100°C (reannealed samples). The latter curves were determined immediately after the kinetic measurements .
RESULTS

Kinetics of reassociation
For the study of the kinetics of reassociation, density-homogeneous preparations of three satellite DNA components from calf thymus were used having densities in a CsCl gradient of The results are shown in Table I . The rate constants of both preparations measured are identical within the limits of error although the molecular weights differ by a factor of nearly four . The reassociation rate of the repetitive satellite DNA of density 1.714 g/cm is by some 70% higher than that of a mixture of tho satellite components . Within the investigated range of Na concentration a linear dependence was found between log k and log [Na ] (Fig. l ) . (Table II) ; 6, 1.71*» g/ /cm3 satellite DNA fraction C (Table II) ; broken line, data from the paper of Britten and Smith3. Table I . The reasociation rate of this satellite DNA is higher at 6O°C than at 67°C and, compared \/ith that of the 1.714 g/cm satellite DNA, it is 5-6 times lower. The dependence of the reassociation rate at 67°C * 3
on Na concentration is identical with that of the 1.71** g/cn repetitive satellite component (Fig. l ) .
The products formed by reannealing of all the three reassociating satellite components show lower stabilities than respective native satellites. Difference in the T in the native and tlie renatured state depends on the annealing temperature and on Na^ concentration (Table i ) (Table i ) . Table II indicates that the reassociation rate of the fractions increases with their heat stability. The dependence of the rate constants on Na concentration is the same as that of the unfractionated samples (Fig. l ) .
Kinetic complexity of satellite DNAs
The kinetic complexities were calculated by assuming an inverse proportionality between rate constant and complexity.
We used data obtained in 0.195 M Na (and corrected to 0,18 M Na ) and compared them with data summarized by Sutton and McCallum . Correction for mismatching of bases was done according to Southern 12 . In the case of 1.714 g/cm satellite ONA we had Table II . Reassociation of fractions of 1.714 g/cm^ satellite DNA a b kg is the experimentally determined initial rate constant, kg is the rate constant corrected^ for the presence of 10$ of 1.721 g/cm3 satellite DNA in fraction C and 25$ of 1.721 g/cmŝ atellite DNA in fraction D. T m was determined between 67°C and 100°C. £ T m is calculated as the difference between T m and T m where T m is the melting temperature of unfractionated native component (Table i ) 
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at our disposal the results on both the unfractionated sample and the fractions differing in their heat stability. Extrapolation to zero mismatching was done by using data for fractions B and C shown in Table II and the value for the unfractionated   sample (Table I, (Table III) . kinetic data on mouse satellite DNA show in tlio range of molecular weights corresponding to hundreds of nucleotides practically no molecular weight dependence. This contrasts i»ith the 9 gen erally accepted view of the mechanism ol reassociation , but is probably due to the fact that the dotc-rmintion of reassociation rates is carried out with Molecules whose average length exceeds many times the length of the repetitive sequence.
Under these conditions the relationship derived for nonropetik tive DNA is probably not valid . Our kinetic dat;i \>erc therefore not corrected for molecular weight dependence.
The experimentally determined dependence of the reassociation rate of satellite DNA s on tlio Na concentration (Fig. l) deviates in the range below 0.15 M Na from tlio relationship of (Table III) . However, when a reassociation constant is calculated from the data given in Fig, 3 (ref. 16 ) a value of about 300 1 mol s is obtained yielding after correction for use of the hydroxyapatite method a value of 100-1 50 1 mol s in full agreement with our data in Table I interpolated to tlve same Na concentration. Hence the difference in the complexi ty values is obviously due to the way of calculating complexities.
The determination of kinetic complexities is based on the assumption that the reassociation rate is inversely proportional to the concentration of complementary sequences. This was shown ' 9 to hold with phage and bacterial DNA s but in the case of simple repetitive sequences some complicating factors must be taken into account. The most serious one is the simple sequence heterogoneity demonstrated for instance by fractionation of reassociated mouse satellite DNA by thermal chromatography and by our fractionation results using calf satellite I*7l4 g/cm DNA (Table II) . Similar fract1onation can be achieved by increasing the stringency of the conditions of reassociation as manifested by the relatively small value of &T m in a low Na concentra-
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tion (Table I ) (Table III) and also with the length of the repetitive sequence following from electron microscopy . One can argue that under the relatively relaxed conditions of higher Na concentration more mismatching is alLowed and almost all DNA is able to reassociate. In this case the reassociation kinetics may reflect mainly exact long range repeats shown to exist in more than 95$ DNA 1 .
In spite of the obvious uncertainty concerning the real significance of kinetic complexities, the values of corrected as well as uncorrected complexities can be used for comparing calf satellite components among themselves and with satellites of other origin provided that the complexities were calculated in the same manner. Within the series of calf satellite DNA s the complexity increases with decreasing (G+C) content (Table   III) . This agrees also with the results of cycJization of reassociated satellite DNA's using electron microscopy . The cor- 
